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Abstract 

Background: Radiographic examinations of the ankle are important in the clinical management of ankle injuries in 
hospital emergency departments. National (Australian) Emergency Access Targets (NEAT] stipulate that 90 percent 
of presentations should leave the emergency department within 4 hours. For a radiological report to have clinical 
usefulness and relevance to clinical teams treating patients with ankle injuries in emergency departments, the 
report would need to be prepared and available to the clinical team within the NEAT 4 hour timeframe; before the 
patient has left the emergency department. However, little is known about the demand profile of ankle injuries 
requiring radiographic examination or time until radiological reports are available for this clinical group in Australian 
public hospital emergency settings. 

Methods: This study utilised a prospective cohort of consecutive cases of ankle examinations from patients 
(n = 437) with suspected traumatic ankle injuries presenting to the emergency department of a tertiary hospital 
facility. Time stamps from the hospital Picture Archiving and Communication System were used to record the 
timing of three processing milestones for each patient's radiographic examination; the time of image acquisition, 
time of a provisional radiological report being made available for viewing by referring clinical teams, and time of 
final verification of radiological report. 

Results: Radiological reports and all three time stamps were available for 431 (98.6%) cases and were included in 
analysis. The total time between image acquisition and final radiological report verification exceeded 4 hours for 
404 (92.5%) cases. The peak demand for radiographic examination of ankles was on weekend days, and in the 
afternoon and evening. The majority of examinations were provisionally reported and verified during weekday 
daytime shift hours. 

Conclusions: Provisional or final radiological reports were frequently not available within 4 hours of image 
acquisition among this sample. Effective and cost-efficient strategies to improve the support provided to referring 
clinical teams from medical imaging departments may enhance emergency care interventions for people 
presenting to emergency departments with ankle injuries; particularly those with imaging findings that may be 
challenging for junior clinical staff to interpret without a definitive radiological report. 
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Background 

The unique anatomy of the ankle and its functional rela- 
tionship with the foot make it highly susceptible to in- 
jury [1-5]. Ankle injuries are one of the most common 
injuries presenting to the emergency setting and may in- 
volve fractures, dislocations and ligamentous injuries 
[6-8]. It has been reported that between 5-12% of all pa- 
tients who attend the emergency department involve an 
ankle injury [7-9]. Radiographs of the ankle joint make 
up to 10% of all radiographic examinations in the emer- 
gency setting [6,10]. 

Missed and or delayed diagnoses in the emergency 
department can have severe consequences and are a ma- 
jor patient safety concern [11,12]. Emergency depart- 
ments often have inexperienced junior doctors seeing 
large numbers of patients of all ages every day; errors or 
missed diagnoses do occur [13,14]. The perception that 
ankle fractures have a low rate of sub-optimal outcome 
and negligible negative long term consequence are not 
founded in empirical data, with life impacts following 
ankle fractures potentially extending into a range of life 
domains beyond physical discomfort [15,16]. The sever- 
ity of life impact may not necessarily be dependent on 
the severity of the initial trauma, but sub-optimal clinical 
management could contribute to chronic and persistent 
conditions [15,17]. 

In Australia, public hospital emergency departments 
are now required to meet the National Emergency Ac- 
cess Target (NEAT). The objective and output of this 
schedule requires that within 4 hours, 90 percent of 
all patients presenting to a public hospital emergency 
department will either physically leave the emergency 
department for admission to hospital, be referred to 
another hospital for treatment, or be discharged from 
hospital [18]. For a radiological report to have clinical 
usefulness and relevance to clinical teams treating pa- 
tients with ankle injuries in emergency departments, the 
report would need to be prepared and available to the 
clinical team within the NEAT 4 hour timeframe; before 
the patient has left the emergency department. There- 
fore, a 4 hour limit could be used as a conservative 
estimate for the provision of a radiological report 
within a clinically relevant timeframe if it were inten- 
ded to influence the referring clinical teams in emer- 
gency departments. 

Junior clinical staff in the emergency setting, and their 
patients, will likely benefit from definitive radiological 
reporting on ankle radiographs within clinically relevant 
timeframes. The provision of an accurate radiological re- 
port provides junior doctors with clear information to 
help them make appropriate and timely clinical deci- 
sions. However, radiologists in emergency hospital set- 
tings are faced with service delivery pressures [19] and 
possible delays in the reporting of (non-life threatening) 



ankle injuries in emergency settings may occur. Delay 
in radiological reporting on traumatic ankle injuries 
may increase the risk of diagnostic error, compromise 
patient safety and potentially lead to malpractice claims 
[11]. However, little is known about the demand profile 
of ankle injuries requiring radiographic examination or 
time until radiological reports are available for this clinical 
group in Australian public hospital emergency settings. 

The aim of this investigation was to describe the de- 
mand profile for radiological ankle examinations in a 
tertiary emergency department setting and investigate 
the process times from radiographic image capture to 
radiological report becoming available to the referring 
clinical team. Specifically, the study investigated the fre- 
quency of ankle radiological examination (by day of 
week and time of day), as well as the time between three 
process milestones; image capture, provisional report; 
and verification of the final radiological report. 

Methods 

Design 

This study utilised a prospective cohort of consecutive 
cases. 

Ethical statement 

This investigation was approved by the Royal Brisbane 
and Women's Hospital Human Research Ethics Commit- 
tee and complied with the Declaration of Helsinki. 

Participants and setting 

Radiographic ankle examinations were from patients 
with suspected traumatic ankle injuries presenting to the 
Emergency department of a tertiary hospital facility in 
Brisbane, Australia. The medical imaging service for this 
emergency department operates 24 hours per day, every- 
day. Medical imaging staffing in this unit is based on a 
three shift per day schedule; day (08:00-16:00), late 
(16:00-00:00) and night (00:00-08:00). All cases referred 
for radiographic examinations for suspected traumatic 
ankle injury were tracked for 12 weeks (n = 437). Cases 
that included concurrent investigations for other body 
regions (for example, the foot or knee) in addition to a 
suspected ankle injury were included to ensure that the 
dataset was reflective of usual practice; not just the sim- 
plest cases. There were no exclusion criteria. Radiological 
reports were either provisionally completed by radiology 
registrars (typically with one to four years experience), 
then later verified by a consultant radiologist, or were re- 
ported and verified directly by a consultant radiologist. 

Demand profile measures collected 

The age of the patient and side of suspected injury was 
recorded for each patient. To describe the demand pro- 
file for radiographic imaging from suspected traumatic 
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ankle injuries, three key dates and times were recorded 
for each case. This included the time and date that the 
radiographic ankle examinations were taken, the time 
the electronic provisional radiological report was com- 
pleted, and the time that the radiological report was 
electronically verified by a consultant radiologist on the 
Picture Archiving Communication System. In this con- 
text, the provisional report refers to when a radiological 
report has been dictated by a registrar or consultant but 
not yet reviewed in its typed format on the Picture Ar- 
chiving Communication System. The typed provisional 
report can be accessed by clinical teams prior to verifica- 
tion by a consultant radiologist. The electronic radio- 
logical report verification occurred when a consultant 
radiologist had reviewed the provisional report on the 
Picture Archiving Communication System and con- 
firmed its accuracy (or completed the necessary modifi- 
cations to ensure the report was accurate). 

Procedure 

Consecutive patient cases presenting to the emergency 
department that met inclusion criteria were identified by 
the request code for radiographic examination for sus- 
pected ankle trauma for each day of the study period. 
This included requests for a radiographic ankle series to 
be undertaken in the emergency department (trauma) 
setting; but did not include cases with suspected trauma 
requested from other hospital units or non-trauma set- 
tings. Demand profile measures were collected directly 
from the hospitals computerised medical imaging man- 
agement system which time-stamped the point at which 
each of the three key events occurred. This information 
was collated by a member of the research team (PE) and 
prepared for analysis. To prepare the data for analysis to 
describe the demand profile, two additional codes were 
added for each date and time point. First, the day of the 
week (Monday to Sunday) that the event occurred was 
coded (one to seven). Second, the time of day that the 
event occurred was coded into 1 of 6, 4 hour blocks. 
These 4 hour blocks coincided with the first and second 
halves of the three (8 hour) shifts worked by medical im- 
aging staff in this unit. 

Analysis 

The mean (standard deviation) age of patients and num- 
ber (percentage) of left and right sided examinations 
were calculated to describe the patient sample. To de- 
scribe the time-of-day demand, frequency histograms 
were used to present the number of: radiographic exa- 
minations completed per day- of- week and 4-hour time 
block; provisional radiological reports completed by day- 
of-week and 4-hour time block; and radiological reports 
verified by day-of-week and 4-hour time block. The 
mean (standard error) delay between radiographic image 



acquisition and provisional radiological report comple- 
tion was presented in frequency histograms per day-of- 
week and 4-hour time block. The mean (standard error) 
delay between provisional radiological reporting and 
verification of final radiological report were presented in 
frequency histograms per day-of-week and 4-hour time 
block. Similarly, the mean (standard error) delay be- 
tween radiographic image acquisition and verification of 
final radiological report was presented in frequency his- 
tograms per day-of-week and 4-hour time block. 

Results 

The mean (standard deviation) age of patients included 
in the sample was 38.0 (18.6) years. Of the 437 consecu- 
tive ankle cases included in this investigation, 211 were 
left ankles and 226 were right ankles. Radiological re- 
ports were completed for 431 (98.6%) cases and were 
included in the analyses. The mean time from image 
acquisition to provisional radiological report was 31.9 
hours; with the time between image acquisition and 
provisional radiological report exceeding 4 hours for 360 
(82.4%) cases. The mean total time between image ac- 
quisition and final radiological report verification was 
84.0 hours; with the time between image acquisition and 
final radiological report exceeding 4 hours for 404 (92.5%) 
cases. 

The day-of-week and time-of-day demand frequency 
histograms are presented in Figure 1. The demand for 
radiographic ankle examinations peaked on weekend days 
(Figure la), and in the afternoon and evening (Figure lb). 
The number of provisional radiological reports completed 
peaked on Mondays and Tuesdays with fewer provisional 
reports completed from Wednesday to Sunday (Figure lc). 
The majority of provisional reports were completed dur- 
ing the day shift hours (Figure Id). The number of 
radiological report verifications peaked on Tuesdays 
(Figure le); with the majority of report verifications 
completed during the day shift (Figure If). 

The mean (and standard error) delay between events 
are presented in Figure 2 per day-of-week and time-of- 
day that the radiographic image was acquired. The mean 
time from image acquisition to provisional radiological 
report exceeded 24 hours for all days of the week except 
images acquired on Wednesdays; only 77 (17.6%) of 
provisional reports for all images were completed within 
4 hours of image acquisition. The mean time from image 
acquisition to radiological report verification exceeded 
four days for images acquired on Fridays and Saturdays; 
and exceeded three days for Mondays, Tuesdays and 
Thursdays. Images acquired on Wednesdays had the 
shortest delays between image acquisition and report 
verification. Images acquired between 04:00 and 16:00 
had the shortest delays between image acquisition and 
report verification. 
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Figure 1 Frequency of radiographic image capture per day of week (a) and time of day (b), provisional report completed by day of 
week (c) and time of day (d), and radiological report verification by day of week (e) and time of day (f). 



Discussion 

This study indicated that radiographic examinations 
of the ankle were common on all days of the week; 
although most frequent from Saturday through to 
Tuesday with peak demand on Sundays. This peak in 
demand may be attributed to increased recreational 
activity on weekends; including sporting and social 
activities or perhaps the consumption of alcohol In 
contrast, the frequency of radiological reporting was high- 
est at the start of the weekdays, particularly Monday and 
Tuesday, with a clear reduction in reporting over the 
weekend. Verification of reports peaked on Tuesdays with 
fewer verifications occurring over the weekend days. This 
would be consistent with fewer senior radiology registrars 
and radiology consultants available to review radiographic 
imaging on weekend days. While demand for radiographic 
examinations of the ankle occurred throughout the 
24 hour cycle, demand peaked between midday and mid- 
night. On the other hand, reporting predominantly oc- 
curred during business hours from 08:00 until 16:00. 



In the setting of the present study, the length of time be- 
tween image capture and radiological reporting was less 
than ideal. The mean delay between image capture and 
provisional radiological reporting exceed 24 hours on 
most days; with images captured on Friday and Saturday 
experiencing the longest delay from image capture to veri- 
fication of the final report. This was most likely due to a 
backlog of images accumulating over the weekends that 
were not signed off until business hours the following 
week. In contemporary emergency settings, it would seem 
likely that patient treatment plans would have been imple- 
mented within 24 hours for most (or all) patients. 

The delay from image capture to any form of radio- 
logical opinion being available within a useful clinical 
timeframe may have resulted in junior referring clini- 
cians interpreting radiographic ankle images and making 
treatment decisions without radiological opinion. In the 
emergency setting, many of these decisions would have 
involved the patient being discharged home before a 
radiological report was available. While the referring 
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Figure 2 Time delay in hours from radiographic image capture to provisional report per day of week (a) and time of day (b), from 
provisional report to report verification per day of week (c) and time of day (d), and from radiographic image capture to report 
verification per day of week (e) and time of day (f). 



clinicians have undoubtedly completed appropriate qua- 
lifications and are competent in their practice, it is 
plausible that a delay in radiographic opinion may lead 
to an increase risk to the patient being discharged with 
unseen pathology or inappropriate treatment and follow 
up. One of the conditions where this is possible includes 
fractures of the lateral process of the talus. These frac- 
tures may be difficult to recognise on plain film ra- 
diographs and can result in secondary osteoarthritis 
of the ankle or talo-calcaneal joints, chronic pain and 
stiffness [20]. 

Prior research in hospital settings has identified the 
potential existence of a weekend effect'; whereby pa- 
tients admitted to hospitals on weekends experienced 
slightly higher risk-adjusted mortality than patients that 
were admitted on weekdays [21]. This weekend effect 
was observed to be larger in major teaching hospitals 
and should be a cause for concern. The present study 
has provided some empirical data demonstrating that all 
days of the week are not necessarily equal for patients 
presenting with traumatic ankle injuries. Avoiding delays 



between capture of radiographic imaging and availability 
of a radiographic comment may reduce the risk of missed 
or incorrect diagnoses. 

Any potential solution to overcoming delays between 
image capture and radiological reporting should involve 
human resource considerations. Medical imaging teams 
providing services in emergency settings may need to ac- 
count for increasing demand at peak times. Concealed 
within this seemingly straightforward suggestion of mat- 
ching staffing to demand sits a host of complexity associ- 
ated with potential human resource issues. These issues 
may include greater labour costs associated with weekend 
and after hours work, as well as industrial relation ag- 
reements surrounding shift work conditions and entitle- 
ments. Although the detail of these issues extend beyond 
the scope of the present study, the findings from this in- 
vestigation have highlighted that peak demand for ankle 
fracture imaging does not occur during weekday business 
hours. With contemporary communication technologies 
permitting rapid transfer of high resolution imaging data 
in real time, use of radiologists in remote-locations offers 
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another potential option for workforce flexibility to meet 
fluctuating demand on medical imaging services. 

Ankle fractures are just one of many traumatic condi- 
tions that place demand on medical imaging services in 
emergency settings, other traumatic presentations may 
(or may not) follow and contribute the same pattern of 
delays. Further examination of demand for emergency 
medical imaging services for other traumatic conditions 
are worthy of consideration. Additionally, future re- 
search could also consider not only the demand for ser- 
vices, but also patient outcomes (particularly adverse 
outcomes that may be associated with missed or incor- 
rect diagnoses). 

There were strengths and limitations associated with 
this research design. First, the use of consecutive cases 
could be considered a strength of the study. A second 
strength was the collection of data directly from the Pic- 
ture Archiving and Communication System being used 
by the medical imaging department. This ensured that 
the collected date and time data accurately represented 
the capture of images and availability of reports in the 
clinical setting for a large sample of patients. However, 
the associated limitation with using this system was the 
inability of the investigators to capture further clinical 
details, including patient outcomes. Another limitation 
was that this investigation included a tertiary hospital in 
a developed nation. The demand profile of dissimilar 
health services may not be congruent with findings re- 
ported in this investigation. For example, smaller hospi- 
tals may experience lesser or greater delays than those 
observed in this investigation. 

Conclusions 

This investigation was successful in addressing its aim to 
describe the demand profile for radiological ankle exam- 
inations in a tertiary emergency department setting and 
investigated the process times from radiographic image 
capture to radiological report available to the referring 
clinical team. The demand profile and image reporting 
time-frames were not equal across the days of week or 
time of day. Demand for radiographic images of the 
ankle peaked from Saturday to Tuesday. Radiographic 
images taken on Friday and Saturday experienced the lon- 
gest delay from image capture to verification of final ra- 
diological report. In the present study, radiological 
opinion was frequently not available within clinically use- 
ful timeframes. This may contribute to the risk of 
missed or incorrect diagnoses and clinical manage- 
ment; however, further research including patient out- 
comes is warranted. 

Competing interests 

The authors declare that they have no competing interests. 



Authors' contributions 

PE and SMM participated in the design of the study and performed the 
analyses. PE and SMM conceived of the study, and participated in its design, 
coordination and principle drafting of the manuscript. RD participated in 
appraisal and editing of the manuscript. All authors read and approved the 
final manuscript. 

Acknowledgements 

SMM is supported by a National Health and Medical Research Council 
(of Australia) fellowship. 

Author details 

1 Royal Brisbane and Women's Hospital, Butterfield Street, Herston, Brisbane 
4029, Australia, discipline of Medical Radiation Science, School of Dentistry 
and Health Sciences, Charles Sturt University, Wagga Wagga 2678, Australia. 
3 Centre for Functioning and Health Research, Queensland Health, Cnr of 
Ipswich Road and Cornwall Street, Brisbane, Australia. 4 School of Public 
Health and Social Work and Institute of Health and Biomedical Innovation, 
Queensland University of Technology, Victoria Park Road, Brisbane, Australia. 

Received: 30 August 2013 Accepted: 28 April 2014 
Published: 3 May 2014 

References 

1 . Sarrafian SK: Anatomy of the Foot and Ankle: Descriptive, Topographic, 
Functional. 2nd edition. Philadelphia: JB Lippincott Company; 1993:16-190. 

2. Donatelli RA: Normal Anatomy and Biomechanics. In The Biomechanics of 
the Foot and Ankle. Chapter 1. Edited by Davies FA. Philadelphia: F. A. Davis 
Company; 1990. 

3. Boyce SH, Quigley MA: A review of sports injuries presenting to an 
accident and emergency department. Emerg Med J 2004, 21:704-706. 

4. Barker HB, Beynnon BD, Renstrom PA: Ankle injury risks factors in sport. 
Sports Med mi, 23(2):69-74. 

5. Lesic A, Bumbasirevic M: Ankle fractures. Curr Orthop 2004, 18:232-244. 

6. Garrick JG: The frequency of injury, mechanism of injury and 
epidemiology of ankle sprains. Am J Sports Med 1997, 5(6):241 -242. 

7. Pijnenburg ACM, Glas AS, De Roos MAJ, Bogaard K, Lijmer JG, Bossuyt PMM, 
Butzelaar RMJM, Keeman JN: Radiography in acute ankles: the Ottawa 
Ankle rules versus local diagnostic decision rules. Ann Emerg Med 2002, 
39(6):599-604. 

8. Lynam L: Assessment of acute foot and ankle sprains. Emerg Nurse 2006, 
14(4):24-33. 

9. Cockshott WP, Jenkin JK, Pui M: Limiting the use of routine radiography 
for acute ankle injuries. Can Med Assoc J 1 983, 129:129-131. 

10. Stiell IG, Greenberg GH, McKnight RD, Nair RC, McDowell I, Reardon M, 
Stewart JP, Maloney J: Decision rules for the use of radiography in acute 
ankle injuries: refinement and prospective validation. JAMA 1993, 
269:1127-1132. 

11. Kachalia A, Gandhi TK, Puopolo AL, Yoon C, Thomas EJ, Griffey R, Brennan 
TA, Studdert DM: Missed and delayed diagnoses in the emergency 
department: a study of closed malpractice claims from 4 liability 
insurers. Ann Emerg Med 2007, 49(2):1 96-205. 

12. McPhail SM, Vivanti A, Robinson K: Development of the Rapid Assessment, 
Prioritisation and Referral Tool (RAPaRT) for multidisciplinary teams 
in emergency care settings. Emerg Med J 2014. doi:1 0.1 136/emermed- 
2013-203168. 

13. Guly HR: Missed diagnoses in an accident & emergency department. 

Injury 1984, 15(6):403-406. 

14. Guly HR: Diagnostic errors in an accident and emergency department. 
Emerg Med J 2001, 18(4):263-269. 

1 5. McPhail SM, Dunstan J, Canning J, Haines TP: Life impact of ankle 
fractures: qualitative analysis of patient and clinician experiences. 
BMC Musculoskelet Disord 201 2, 1 3:224. 

16. McPhail SM, Williams CM, Schuetz M, Baxter B, Tonks P, Haines TP: 
Development and validation of the ankle fracture outcome of 
rehabilitation measure (A-FORM). J Orthop Sports Phys Ther 2014, 
44. In Press. 

1 7. Kesson M, Atkins E: Orthopaedic Medicine: A Practical Approach. Oxford: 
Butter and Heinemann; 1998. 

18. Australian Government, Department of Health and Ageing: National 
partnership agreement on improving public hospital services. 



Eastgate et al. Journal of Foot and Ankle Research 2014, 7:25 
http://www.jfootankleres.eom/content/7/1/25 



Page 7 of 7 



http://www.health.gov.au/inteFnet/youFhealth/publishing.nsf/Content/npa- 
impFovingpublichospitals-agFeement-toc~schedule-c~descFiption. 

19. Jones DN: Results of the 2004 Royal Australian and New Zealand College of 
Radiologists workforce surveys. Melbourne: RANZCR Workforce Advisory 
Board; 2005. 

20. Bonvin F, Montet X, Copercini M, Martinoli C, Bianchi S: Imaging of 
fractures of the lateral process of the talus, a frequently missed 
diagnosis. Eur J Radiol 2003, 47(1):64-70. 

21. Cram P, Hillis SL, Barnett M, Rosenthal GE: Effects of weekend admission 
and hospital teaching status on in-hospital mortality. Am J Med 2004, 
117:151-157. 



doi:1 0.1 1 86/1 757-1 1 46-7-25 

Cite this article as: Eastgate et al.: Radiographic imaging for traumatic 
ankle injuries: a demand profile and investigation of radiological 
reporting timeframes from an Australian tertiary facility. Journal of Foot 
and Ankle Research 2014 7:25. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit momea central 



